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I 
This invention relates to telecentric objec- 
tives such as used in optical comparators and 
profile projectors. 
Telecentric lenses were discovered by I. Porro 
in 1848 and independently by E. Abbe in 1878. 
The characteristic feature of these systems is 
that the position of the diaphragm is such that 
the principal rays on the short conjugate side 
of the lens are parallel to the axis. The effect 
of this arrangement is that the object to be 
projected may be moved in and out of focus 
out changing its apparent size on the projection 
screen. Alternatively the object may have con- 
siderable thickness, and part of it may be closer 
to the lens than the true conjugate plane and 
part of it farther away. These parts will then 
be projected at the same magnification regard- 
less of the difference in their distance from the 
lens. Lenses of this kind are widely used by tool 
makers for testing gear wheels and similar 
jects at various stages of their manufacture. 
Telecentric objectives of the reversed telephoto 
type are characterized by having a negative com- 
ponent facing the long conjugate (i. e., the 
projection screen) for increasing the clearance 
between the short conjugate plane and the 
jective. 
The present invention is a specific impreve- 
merit over the two telecentric objectives shown 
as the last two examples in a copending ap- 
plication, Ser. No. 64,404, Turner and Kingslake, 
filed December 9, 1948, now Patent 2,552,238, 
dated May 8, 1951. The objectives disclosed 
herein are specifically designed for use as inter- 
changeable units in the system disclosed in the 
Turner and Kingslake application, and are also 
useful as interchangeable telecentric objectives in 
ordinary profile projectors. 
According to the present invention, a tele- 
centric objective of the reversed telephoto type 
is made up of a field lens and an objective 
tern spaced apart so that the principal focal 
point of the fleld lens is located within the body 
of the objective system, wherein the field lens 
consists of a biconvex element cemented to the 
front of a negative meniscus element and the 
objective system consists of a positive meniscus 
element, a front biconcave element, a biconvex 
element, and a rear biconcave element spaced 
apart and in that order, the positive meniscus 
element being concave toward the rear, i. e., to- 
ward the first biconcave element. 
I have discovered that by making the front 
element of the objective system meniscus rather 
than by convex as in the Turner and Kingslake 
examples and by keeping the radii of curvature 
of the several surfaces within certain delmite 
Imlts defined below, I have been able to make 
up a series of telecentric objectives for use at 
series of magnifications from 10 to 100 wlich 

are highly corrected for distortion, coma, curva- 
ture of fleld and spherical aberration and using 
only inexpensive types of glass readily obtain- 
able on the market. 
5 In some conditions of use, i. e., when means 
are provided for focusing by changing the dis- 
tance between the object and the projection 
screen, a single objective according to the in- 
vention is used throughout this range of magni- 
10 flcation, and produces very clear and sharp im- 
ages, but the distortion will be found to change 
slightly at different magnifications--not enough 
to be noticeable, but enough to reduce the ac- 
curacy of careful measurements. 
5 For the purposes of the Turner and Kingslake 
invention, the distance between conjugate planes 
is fixed, and an extremely high degree of cor- 
rection of the distortion is important so that 
measurements made on the projected image are 
20 accurately applicable to the original object. 
Furthermore, a fixed series of magnifications 
such as 10 20, 31.25, 50, 62.5 ahd 100 is generally 
preferable to a continuously variable magnifica- 
tion in machine shop practice since measure- 
25 merits of the projected image are usually made 
by the ordinary scales divided into decimal parts 
of an inch or into 16ths and 32rids and more 
often than not relate to thousandths of an inch 
in the original object. In some shops a magni- 
30 fication of 39.37 for projecting a thousandth of an 
inch as a millimeter is very useful. 
I have found that a very high degree of correc 
tion of the aberration and particularly of dis- 
tortion is obtained by making all six lens ele 
5 ments of readily obtainable glasses having refrac- 
tive indices between 1.59 and 1.67, and by making 
the respective radii of curvature R to R of the 
respective surfaces numbering from front to rear, 
within the following limits: 
40 
1.5 1-R3.0 1 
0.42 1--P0.48 1 
1.7 I<--P<2.5 1  
0.4 1<P<0.48 1 
45 5.5 I<-R.<50 1  
0.36 I<--R0<0.44 i 
0.47 1<-R<0.57 1 
1.6 1<-R<2.3 1 
0.47 1<--P<0.57 F 
50 2.8 l'<--R10<9 1 ' 
2.7 1<--Rl1<6 1  
where 1 is the focal length of the objective as a 
whole and the - and -- Values of the radii in- 
dicate surfaces respectively convex and concave 
5 to the front. 
It may be noted that some of these radii ap- 
pear to be pecified within a very broad range 
of values as compared with other radii. When it 
is remembered, however, that the effect a surface 
0o has on the focal length and on the aberrations 



